Abstract Low-inclination Near-Earth Asteroid (297274) 1996 SK, which is also classified as a Potentially Hazardous Asteroid, has a highly eccentric orbit. It was studied by multi-wavelength photometry within the framework of an NEA color survey at the Lulin Observatory. We report here the finding of large color variation across the surface of (297274) 1996 SK within one asteroidal rotation period of 4.656 ± 0.122 hours and classify it as a S-type asteroid according to its average colors of B − V = 0.767 ± 0.033, V − R = 0.482 ± 0.021, V − I = 0.801 ± 0.025 and the corresponding relative reflectance spectrum. It might be indicative of differential space weathering effect or compositional inhomogeneity of the surface materials.
surface impact events. These scattered stray bodies are further classified as the Amor asteroids if their perihelion distances (q) are between 1.3 AU and 1.017 AU, the Apollo asteroids if their semi-major axis a > 1.0 AU and q < 1.017 AU, and Aten asteroids if a < 1.0 AU and the aphelion Q > 0.983 AU. As shown by Bottke et al. 2002 , the majority of these terrestrial planets-crossing asteroids is from the inner asteroid belt even though some of them could be originated from the middle or outer asteroid belt or of cometary origin.
Among the Near-Earth asteroids (NEAs), which are the general term for the Apollo and Aten asteroids, a number of them have non-zero probability of hitting the Earth in future. For example, it has been estimated that the total number of a subgroup of NEAs called Potentially Hazardous Asteroids or PHAs with D > 100 m is approximately 4700±1450 (Mainzer et al. 2012) . A close monitoring and in-depth investigations of the basic physical properties of the PHAs like sizes, shapes and compositions are therefore important. In addition, the PHAs could also represent very valuable natural resources for space exploration and utilization because of their relatively easy access. With these key issues in mind, we have initiated a cooperative project at the Space Science Institute, Macau University of Science and Technology together with the Astronomy Institute, National Central University, to produce a photometric survey of the taxonomical types of NEAs in low inclination orbits. In this work we report the results of an interesting object (297274) 1996 SK, an Apollo asteroid and PHA, based on the observations on May 22 and 23, 2012, at Lulin Observatory, Taiwan. The observations are described in Section 2. The results of the data analysis are given in Section 3.
In Section 4, a summary and discussion on the implications of the physical properties of the color variation will be given.
OBSERVATIONS
In our first set of observational targets, the selection criteria are (1) their lack of prior measurements of the lightcurves and surface color, and (2) the suitability of their optical brightness for time-series photometry.
Asteroid (297274) 1996 SK of absolute magnitude H v = 16.866, with a semi-major axis a = 2.434 AU, eccentricity e = 0.794 and inclination i = 1.962
• was close to opposition and satisfied these condition in May, 2012. With its perihelion distance q = 0.5 AU and low inclination, (297274) 1996 SK is classified as a PHA. It was observed on May 22 and 23, 2012 by multi-filter photometry using the LOT, one-meter telescope at Lulin Observatory. The CCD imaging camera is the PI-1300B, which has 1340 x 1300 pixels with effective pixel scale of 0.516 ′′ .
The observational log is given in The standard data processing was performed by using IRAF program (Image Reduction and Analysis Facility, supplied by National Optical Astronomy Observatories) with ccdproc package for image reduction, apphot for photometry, and photcal for standard stars flux calibrations. Figure 1 shows the raw lightcurves of (297274) 1996 SK observed on May 22 and 23. Differential photometry was applied while the reference stars without time variability were chosen with R-band magnitude brighter than 17.0 in the USNO-A2.0 catalog.
RESULTS
Using the Plavchan algorithm (Plavchan et al. 2008) to compute periodogram, the spin period of (297274) 1996 SK was found to be 4.656 ± 0.122 hours. The uncertainty in the frequency was estimated based on the method of Horne et al. (1986) . The periodogram and the folded lightcurve from the R-band measurements along with the rotation phase are shown in Figure 2 . The lightcurve shows that (297274) 1996 SK has a rather smooth configuration. For an ellipsoidal shape of the asteroid, the peak-to-peak variation (∆m) of the lightcurve can be used to calculate the ratio of the long axis to short axis (a/b) according to that the a/b is about 1.50. However, since the above a/b value is obtained by assuming that the asteroid was observed at an aspect angle (i.e., the angle between the line of sight and spin axis) of 90 • , the actual axial ratio (a/b) may be more than that. The asteroids diameter (D) can be calculated by using the formula (Yoshida et al. 2004) , logD = 3.130 − 0.5logA − 0.2H, where H is the absolute magnitude and A is the surface albedo (Yoshida et al., 2004) . Assuming A = 0.2 (corresponding to the mean albedo of S-type asteroids) and H = 16.866 mag for (297274) 1996 SK, its diameter is 1.28 km. The long axis and the short axis can be computed to be 1.57 km and 1.05 km, respectively. Table 3 (Howell, 1995) from its colors. It falls into the spectral region of the S-type asteroids, so (297274) 1996 SK should be classified as a member of S-type objects. It is interesting to note that Rabinowitz (1998) reported color measurements of (297274) 1996 SK in October, 1996, with V − R = 0.430 ± 0.070 and V − I = 0.678 ± 0.0587, respectively. These values are close to the corresponding results obtained on May 23 (see Table 3 and Figure 6 ) similar to shape of Q-type asteroids while still having significant differences from those taken at other times. The possible implication will be discussed later.
SUMMARY AND DISCUSSION
Our observations of PHA (297274) 1996 SK at opposition in May, 2012, lead to the following conclusion:
1. The rotation period of this asteroid is found to be 4.656 ± 0.122 hours, i.e., well below the spin cutoff of 2.2 hours. 4. Over the rotation range of 133 degrees, (297274) 1996 SK displays significant color changes which might imply the existence of large change in mineralogical and/or compositional variation on its surface.
The detection of large color change is an important result of this work because it could mean that (297274) 1996 SK might contain various properties of its surface spectra. Because there is no information on the relation of the color measurements to the rotational phase in the work of Rabinowitz (1998) , it is difficult to analyze the cause of the color differences between our present results and his work. One thing is nearly certain; that is they could not be caused by short-term space weathering effect since the associated time scale is at least on the order of a million years (Vernazza et al. 2009) . From this point of view, the existence of inhomogeneous surface composition or differential space weathering effect would be the most viable explanation. The first scenario would mean that (297274) 1996 SK might contain the interface material of some differentiated region of its parent body at impact disruption. The second scenario has been discussed by Yoshida et al (2004) in the case of the color variation of (832) Karin -see also Sasaki, T. et al. (2004 , Ito and Yoshida (2007) . This could have come about by micrometeoroid impact process on young and older surface areas (Clark et al. 2002; Sasaki et al. 2004) . Figure 6 shows the relative reflectance spectra observed in different time varying from S-type to Q-type. It might be also related to the second scenario that the asteroid has two parts of weathered and un-weathered surfaces. It was a possibility that Rabinoiwtz (1998) had measured the colors of the vicinity of the phase which we observed on May 23. Both possibilities mean that (297274) 1996 SK should not be covered by in previous close encounters with Earth and other terrestrial planets as proposed by Nesvorny et al (2010) ?
These are issues we plan to investigate in the future work.
